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Introduction 
Engineering Problem 
 
A wakeboard winch is a stationary device used to tow wakeboard riders through a body of water allowing 
riders to access locations that may be too shallow for boats or where motorboat restrictions apply.  
For this instance, the device will be intended to use on a small lake where motorized boats are prohibited but 
will also possess a transportable design so it may be used in other locations. Winches that can be purchased 
from manufacturers tend to be expensive and unaffordable for most people while many homemade winches 
tend to lack the same performance capabilities as manufactured winches. The principal investigator of this 
project will be responsible for designing, building, and analyzing a wakeboard winch that yields the 
performance of a manufactured device while being built with a minimal budget. 
Motivation 
 
During the summer of 2014 a wakeboard winch was constructed and upon completion it was found that the 
device did not produce the desired performance capabilities. In order to create a winch that will generate the 
desired performance various aspects of the device will need to be redesigned. Incorporating a larger 
displacement engine for the winch would be ideal, however, acquiring a new engine would result in a higher 
budget eliminating the cost optimization of this project. As an alternative, the power transmission will be 
redesigned and analyzed to use gear reductions between 6:1 and 7:1 to produce the enough power and 
torque to tow a 200-pound wakeboard rider through the water.  
 
Along with this, the structure of the winch needs to be rigid yet lightweight so we must look at several 
alternative materials since the previous design used 2.50-inch Square-Steel tubing and weighed in at over 250-
pounds. All of the transmission designs can potentially work, but the question is will they work within the 
design requirements and the budget constraints to manufacture the device? 
 
The design requirements will set the parameters for how the devices need to perform under its specific 
conditions. Design requirements for this device will be related to weight, strength, and winch performance. 
The focus of the device is to produce sufficient performance for a range of rider weights without hindering 
desired tow speed capabilities.  
Function Statement 
 
The intended design will incorporate a power transmission system that will supply an ideal performance to a 
spool, thus a winch mechanism. The wakeboard winch will permit a range of wakeboard rider weights to 
obtain similar tow speed. Furthermore, the structure of the device must possess enough rigidity to withstand 
the induced loads without being overly built to maximize mobility.   
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Requirements 
 
The designer of the wakeboard winch sets requirements for the design as follows: 
1. The device must be able to pull a 200-lb wakeboard rider out of the water within 5 seconds after 
engagement. 
2. The device must be capable of achieving its maximum tow speed in 10 feet after the wakeboard rider is 
completely out of the water. 
3. The device must be able to attain a maximum tow speed of 20 mph. 
4. The assembly must weigh in under 200-lbs.  
5. The structure must be corrosion resistant. 
6. Dimensions of the assembly cannot exceed 40” X 20” X 20” 
7. The device cannot slip or tip during operation 
Scope of Effort 
 
The scope of this endeavor will include; frame design, roller chain design, spool design, and material/parts 
selection. When designing the frame – rigidity, balance, and mobility must be taken into account since the 
mechanism will need to be transportable but also must withstand the loads it will be subjected to. Likewise, 
the spool must be designed with rigidity to withstand the loads but size considerations must be taken into 
account to meet size requirements. Bear in mind, there will also be a tradeoff between spool size and 
maximum tow speed. The roller chain drive must be formulated to balance low-end torque and top-end 
horsepower to meet the overall performance requirements of the mechanism. Similarly, parts selection of the 
engine and torque converter will have a substantial impact on the final performance of the device yet they 
must work within the budget constraints. 
Success Criteria 
The success criteria for this device is directly related to design requirements previously stated. As a result, for 
the wakeboard winch to be absolutely successful it must meet all of the criteria outlined below. 
 
1. Can the device pull a wakeboard rider completely out of the water in 5 seconds? If no, how long did it 
take? 
2. Does the rider achieve a 20mph tow speed? If no, what was the maximum speed attained? 
3. Did the rider achieve the maximum tow speed after traveling 10 feet in the water? If no, how did the 
rider travel? 
4. Does the assembly weigh less than 200-lbs? 
5. Are the dimensions of the assembly greater than (40” X 20” X 20”)? 
6. Does the device tip or slip during operation? 
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Design & Analysis 
Description 
 
The device will be powered by a small displacement engine linked to a variable speed torque converter, the 
power will then be transmitted through a roller chain drive to an axle shaft supported by pillow bearings at 
each end, and a spool containing 600 feet of winch line will be mounted on the shaft attached by dual hubs on 
the outer walls of the spool. Once the motor is engaged, the power will be transmitted through the 
transmission system to the towrope and effectively pulling the wakeboard rider out of the water. 
Benchmarks 
 
For this project, two comparison benchmarks where chosen to establish various optimization requirements for 
the device. The first benchmark, referred to as Design.01, is an initial design of the device, which was 
constructed during the summer of 2014. Design.01 provides optimization of the performance requirements 
for the current device. Figure – 1 shows the second benchmark, a manufactured wakeboard winch built by 
Ridiculous Winches, which was chosen to identify optimizations, which could be made manufacturing 
cost/resale optimization.  
 
 
Figure – 1 Ridiculous Winches 7 HP model 
 
Although the device will use the same engine and torque converter as Design.01, the roller chain drive will be 
reformed to provide a more effective gear reduction of 6.6:1, which will optimize peak torque capabilities. 
Appendix A contains design analysis regarding the design of the roller chain drive. The spool will also be 
redesigned with additional adjustability and will be comprised of more rigid material. The spool from 
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Design.01 used a 12.00-inches diameter core, which limited the speed capabilities of the winch, the spool 
walls on the current device will allow core diameters to be arranged from 14.00-inches to 18.00-inches. Table 
A.1 in Appendix A shows the relationship between core diameter and linear tow speed.   
 
Ridiculous winches can be purchased for $2149.00 and their website states that their winch can tow a 
maximum rider weight of 225lbs and may reach a max tow speed of 30mph (dependent on rider weight). 
Whereas, Design.01 was built on a budget of roughly $400.00 and from testing it was discovered that the 
maximum rider weight acceptable was 190lbs while a max tow speed of 18-20mph was recorded with a 145lb 
rider. Thus, the ideal end product of this project will be to produce a wakeboard winch with a budget similar 
to Design.01 yet provide to quality and performance the product manufactured by Ridiculous Winches. 
Optimization Methods 
 
The design of this device will optimize the many flaws that were discovered from the completion of Design.01 
which includes mobility, power output, and maximum tow speed. The initial build used a bulky and overbuilt 
frame design that consisted of 2 ½ inch steel-square tubing and had a high center of gravity which made the 
device susceptible to tipping under load. To optimize this design flaw, the current device will be built with a 
more compact design, using aluminum square tubing to reduce weight, and include rear wheels similar to the 
design by ridiculous winches. Furthermore, the roller chain drive from Design.01 provided minimal torque 
which resulted in a sluggish start for wakeboard riders. To compensate for this, the roller chain drive will be 
redesigned and will compare various sprocket ratios to determine the best torque to power ratio for the 
device. Finally, the spool design for this project will need to be constructed with a more rigid design to prevent 
failure at the core when subjected to the tensile loads from the towrope and must use a larger core diameter 
to maximize tow speeds. 
Analysis  
 
The analysis for this project began by redesigning the roller chain drive, which transmits power from the 
motor to the axle shaft where the spool is located. A safety factor (SF) needed to be determined before the 
analysis could proceed, using Mott’s handbook [1] a safety factor of 1.4 was determined given the device 
would be powered by an internal combustion engine with a mechanical drive and would be experience 
moderate shock loading during operation. Analysis of the roller chain drive allowed for various design factors 
to be determine, particularly; rotational output speed of the spool, peak torque capability, and the acceptable 
minimum chain length without surpassing a 120° angle of wrap. Appendix A, Figure A.1 – A.3 shows detailed 
design analysis of the roller chain drive. 
 
In addition, Figure A-4 in the appendix contains a Tip/Slip analysis, which was done to determine whether the 
device would remain stable under the induced loads from the wakeboard rider. The sum of the moment was 
calculated about the front of the device and concluded that an anchor mechanism will need to be added to 
maintain a static position. The slipping moment of the device was then calculated which further supported the 
need for an anchor, the device was found to not slip or tip with an additional force of an anchor was present.  
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A system analysis was done to support some of the performance predictions, which will be covered in detail 
later in this section. This analysis, which can be seen in Appendix A.3 - A.5 began with determining the drag 
forces the wakeboard rider will be subjected to, allowing for the sums of the forces on the system to be found.  
The wakeboard itself was analyzed similar to a hydrofoil which allowed for the coefficient of lift to be defined 
and since the relationship of Lift-to-Drag is defined as Cd = Cl*tan (α), the coefficient of drag could then be 
determined. The sum of the forces the device will be subjected to contains the drag forces due to both water 
and air, ΣF = F (water) + F (air).  The determined Force is then applied to W=(F)(D)cosθ and defining a 
maximum power required using Pwr=(F)(V)cosθ. The analysis will be checked by applying the known 
information to ΔT=W/Pwr, to check the approximated to for the rider to reach the max tow velocity. 
Scope of Testing & Evaluation  
 
Upon completion of the build process for this project, testing will be done to inspect the effectiveness of the 
conceived design for this device. The first test to be done will be the operation of the device to ensure the 
device is functioning properly. For this test, the RPM of the roller chain assembly and spool will be taken and 
compared to the calculated data in Appendix A.1 - A.3, as well as, used to recalculate the maximum theoretical 
tow speed of the device. The second form of testing will encompass a series of recorded measurements while 
the device is under load. Time for it takes the rider to be towed out of the water from an initial static position 
to a riding position, the RPM speed of roller chain assembly and spool will be recorded after the device “Bogs 
down”, when the device is acted on by the initial loading. Lastly, the maximum speed of the rider will be 
recorded as a measurement to check the calculated data from Appendix A.4 - A.6.  
Performance Predictions 
 
The results from analysis done in Appendix A allow for predictions of the device performance to be made. 
From the roller chain drive design determined, the device will contain a final gear reduction of 7.33:1 allowing 
for the torque output to be 69.5 lb-ft. This optimization of torque should then enable the device to pull the 
wakeboard rider fully out of the water after 5 seconds of engagement and the rider will reach a tow speed of 
25mph after the rider has traveled 5 feet in the water. Although there is an inverse relationship between rider 
weight and maximum tow speed, the device design should allow a 200lb rider to reach a tow speed of 20mph 
after traveling 5-feet once fully out of the water.  
Modes of Failure 
 
From the analysis done during the design of this device, three major modes of failure have been considered. 
Possible failures may occur at the towrope, roller chain, or the axle shaft of the device. The towrope chosen 
for this device has been specified to endure loads of up to 1500 pounds, however stress from shock or fatigue 
cannot be determined without testing. Along with this, the roller chain may experience severe shock impact 
during operation and overtime will cause the chain to fatigue of possibly fail during operation. Lastly, during 
operation the axle shaft will endure the highest stresses induced by loading on the device. The axle will should 
not fail after being redesigned, however the life cycle of the 1.00-inch axle cannot be determined since 
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analysis states that the chosen axle is too small for this application but resources have ensured that the axle 
will not fail under standard operating conditions.  
 
Methods & Construction 
Description 
 
This project was envisioned, analyzed and designed at Central Washington University while working within the 
constraints of a budget created based on the amount of money I had to invest into the project. More complex 
parts will be purchased due to a lack of time in the building process to create parts such as a mechanical 
torque converter. However, parts such as the spool will be made and assembled at CWU to reduce production 
costs. Figure – 2 shows a breakdown of the 5 sub-assemblies that includes; Frame, Spool, Engine/Torque 
Converter, and Roller Chain Assembly.  
Sub-Assemblies 
 
The frame will be built from 6061 Aluminum with a 1 ½” square design and 1/8” walls. This material was 
selected mainly because of its lightweight properties given that the apparatus as a whole must weight in 
under 200lbs to ensure optimal mobility set by requirement 4 that has previously been stated. Furthermore, 
the frame will contain 5/8” axles at the rear allowing for two 10.5” wheels to be mounted help transportability 
of the apparatus.  
 
The apparatus will be powered by a predator 6.5hp engine, which was chosen to minimize overall cost of the 
apparatus but has the engine displacement has been calculated to deliver adequate power given the loads the 
apparatus may be subjected to. Along with this, a TAV 2 torque converter will be mounted to the engine to 
amplify the torque output of the small displacement engine. This variable speed torque converter offers a 10% 
speed reduction at full lock, RPM speeds of 26000 and above, allowing the torque output to be enhanced by 
from 9.48 foot-pounds to 10.52 foot-pounds, which is a 9.97% increase of torque.  
 
The power from the engine and torque converter will then be transmitted to the spool by a roller chain drive. 
The roller chain has been designed to use a 10 and 66 tooth sprockets allowing for an additional 6.6:1 gear 
reduction. This drive system will allow the spool assembly to rotate at 491 revolutions per minute which was 
calculated in Appendix A. Various sprocket ratios were compared in the table at the end of Appendix A 
allowing for the optimal ratio to be determined. Moreover, the additional speed reduction that was chosen 
presents a further increase in torque, which now has been improved to provide 69.54 foot-pounds. From this, 
we can establish further confidence in successful operation of the apparatus to meet the rider weight 
requirement of 200lbs that was set as an operational requirement of the device.  
 
The roller chain system will drive a spool that will be mounted on pillow block bearings and a 1.00-in. diameter 
axle, which will be covered later in this section. The spool assembly will be comprised of two 22-in. diameter 
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outer walls made up of heavy duty plastic that will be CNCed to the design specified in Appendix B. The outer 
walls will contain various mounting points for the core construction, allowing for core diameters to range from 
14 to 18 inches. This is important to note because the linear speed of the spool is directly related to the 
diameter of the spool core and although an 18-in. diameter was chosen to ensure the apparatus is capable of 
meeting the maximum tow speed set by the requirements of 25mph, yet having additional diameters to test 
will prove to be beneficial in supporting analysis. From this, the core assembly can be specified to further 
describe the spool assembly. The core will use 0.5-in. all thread bolts that connect the spool and will be run 
through 0.5-in. galvanized pipe to enhance the rigidity of the core structure. The last part of the spool 
assembly includes 2 Go-Kart hubs, with a 1.00-in shaft acceptance to ensure smooth operation.   
Supplementary Components 
 
Additional parts not previously described include; the chain for the roller chain drive, axle, and pillow block 
bearings. A 0.5” 35# chain was selected due to the choice of using a 10-tooth sprocket for the drive system. 
This chain has been found to be an industry standard use for the given sprocket design whereas, using a 12-
tooth sprocket would require a 40# chain to be implemented for the design. Additionally, a 1.00-in axle and 
pillow block bearings was chosen for mounting of the spool and sprocket to the frame. These parts were 
chosen simply because of availability, they were both found to be the most common choice given the 
combined loads they will be subjected to. 
 
Testing Methods 
Introduction 
 
To determine the effectiveness of the design, testing will need to be done to compare the actual performance of 
the winch to the calculated numbers from the analysis. For one of the tests we will compare the relationship of 
maximum tow speed vs rider weight. These tests will be done at Pipe Lake in Maple Valley, WA using a laser 
tachometer and a data logger.  
Approach 
 
To ensure accurate testing data, there will be 5 trials done per rider weight which will then be averaged and 
plotted on a graph to display the relationship. It is anticipated that it will be an inverse relationship between the 
two, as rider weight increases the maximum tow speed will decrease. For this testing to be deemed successful, a 
200-lb rider must be capable of achieving a 20mph tow speed while the change in weight may shows ± 2 mph 
in speed.  
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Procedure 
 
Both testing locations will use the same setup procedure. For deep start testing riders will use a 60” 
wakeboard and shallow start testing riders will use a 46” wake skate. The difference in boards is from rider 
selection in industry related to locations.  
 
1. Position GoPro’s in three locations, 
a. Behind the rider  
b. Viewing rider from end point 
c. On rider via chest mount 
2. Testing will include, 
a. Shallow beach starts at People’s Pond  
i. Riders will travel 200 feet parallel to the shoreline 
ii. 46” wake skate (see appendix for details) 
b. Deep water starts at Pipe Lake  
i. Riders will travel 400 feet through a body of water towards the shoreline. 
ii. 60” wakeboard (see appendix for details) 
3. Complete 5 trial runs per rider weights ranging from 120 to 200-lbs. 
4. Viewing the Camera footage, 
a. Record the time to pull a ride out of the water 
b. Record the time to travel 200/400 feet 
c. Triangulate data from alternate views corresponding to each trial run 
5. Plot the data in Excel and determine the acceleration and maximum tow speed for each weight tested. 
 
Deliverables 
Create a Weight vs. Speed graph 
Create a Weight vs. Acceleration graph 
Compare the design performance to recorded data for a 200-lb rider. 
Results 
 
Testing and evaluation of the winch concluded that the wakeboard winch design was successful from the 
following requirements it was able to achieve. Basic requirements which needed to be met includes the 
weight and size restrains established during the design process to optimize the mobility of the device. It was 
required that the final assembly could not exceed a size of 40”X20”X20” or weigh more than 200-lbs, the 
current device was measured 39.5”X18”x16.5” and weighs 180.0-lbs with a full tank of gas. The winch also met 
the weight and acceleration requirements, it was able to tow a 200-lb rider while also pulling said rider out of 
the water within 5 seconds. The wakeboard winch was unable to meet the speed requirement set for a 200-lb 
rider, on average a 200-lb rider was able to reach a 17.7 mph tow-speed. From this we can determine that the 
6.5hp engine used to power this device did not have a sufficient amount of power to meet the speed 
requirement, however, the power transmission that was designed provided ample torque to pull a wide range 
of rider weights out of the water. The design requirements also established that a rider’s maximum tow-speed 
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must be accomplished within 10 feet of riding, from testing it determined that cannot be achieved, this is 
because the further the rider is pulled, the more winch line is wrapped around the spool effectively increasing 
the diameter of the spool which results in a constant acceleration of the rider during operation. The last 
design requirement established demanded that the winch must remain static during operation, the induced 
loading on the device was determined to be substantially higher than what was initially calculated. Thus, for 
this to be accomplished the device needed to be anchored to a tree during operation. In conclusion, it can be 
confidently declared that the wakeboard winch designed and built was a successful device and with minor 
modifications, the device will be able to meet each design requirement.  
Project Management 
Human Resources 
 
For this project, the principal investigator and engineer is responsible for obtaining the materials and parts for 
construction. In addition, this individual will be accountable for scheduling the construction process of the 
device. 
Physical Resources 
 
During the construction of this project there will be a need to access a welding and machining center. A 
machine shop is located in the Hogue Technology Building – room 107 and a welding machine in room 132. 
Access to these equipment has been permitted by Central Washington University to complete this project.  
Soft Resources 
 
The CAD labs at Central Washington University will be used for design models for this project and will be done 
using the SolidWorks 3D modeling program.  
Financial Resources 
 
The financial resource for this project will come from the principal investigator and it will be their 
responsibility to provide a parts and budget list so that the appropriate material may be acquired to complete 
the construction of this device. 
Budget 
 
When this project began, a budget of $500.00 was desired so that an optimization in manufacturing could be 
made to reduce retail value of the device. The budget is very important to the completion of this project 
because it will be personally funded and if the budget is exceeded for any reason the device may not be able 
to be completed if additional funds cannot be accessed.  After establishing a parts list and considering 
projected outsourcing costs, the production cost was found to be $621.25. Table C-1 in Appendix C outlines a 
13 
 
detailed parts and materials list required for the production of this device. The table also references sources 
where each part or material may be purchased and, from extensive research each source was verified to be 
the cheapest location to purchase each specific part. To ensure a cost effective approach to this project, as 
many parts from the previous build, Design.01, will be reused. The engine and torque converter are the largest 
cost saving parts to be reused, saving the project $230.00 to produce. Table D-1 in Appendix D contains the 
detailed budget including outsource costs. Outsourcing costs pertain to welding and CNC labor, the welding 
cost was estimated from a local shop to be $40/hour and through the discounted rate from a friend CNC cost 
was estimated at $50/hour but would not exceed the given estimate. 
Schedule 
 
The schedule for this project was outlined by the MET 495 course, documented in Appendix E and is scheduled 
to be complete by the last week of spring quarter. The schedule was broken into 7 sections – proposal, 
analysis, drawings, construction, testing, and deliverables. The Gantt chart in Appendix E shows the estimated 
and actual start dates of each task, descriptions of each task, and the recorded time spent working on each 
section. Milestones for this project were outlined by the MET 495 course and set by the completion of each of 
the three quarters fall through spring. The milestones include – proposal completion, device 
assembly/construction, testing, and final presentation. The proposal is set to be complete by the final week of 
fall quarter. While the assembly and construction will be done during winter quarter and a functioning device 
is required by the end of the quarter. Along with this, testing will begin following the completion of 
construction and is projected to begin at the end of March permitted good weather conditions. The final 
write-up and presentation is set to be complete by the 3rd week leading up the end of spring quarter. 
 
Discussion 
Design Evolution 
 
During phase one of this project, various design concepts were conceived to determine the most effective 
design for the device. For performance optimizations of the device, the power transmission and spool were 
redesigned using Design.01 as a benchmark. Along with this, various frame designed were conceived to 
determine the smallest structure that could accommodate the various parts that will be mounted on the 
device. The frame was once again redesigned following the shaft analysis, which may be seen in figures A-7 
through A-9 in Appendix A, which determined that shaft failure may occur with a shaft length of 18.00 inches. 
The frame was redesigned, allowing for a 16.00-inch shaft length to be used, which eliminated the use of a 
third support bear for the shaft. Following the completion of design and analysis for the device, construction 
will begin. The majority of parts have already been acquired for phase two of this project, and parts that have 
not been ordered yet will be following the next week.  
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Risk Analysis 
 
During the development of any mechanism engineers must always consider risk factors involved with a 
particular project that may limit portions of the design. It has been determined that risk factors which could 
impact the completion of this device include; cost, time frame, and motivation. The cost of any project is 
always an essential risk factor to consider, engineers must formulate the most effective design within the 
limitation of the approved budget. Cost was determined to be the most prominent risk factor that may 
prevent the completion of this project, to insure that the budget is not exceeded, more expensive parts will be 
salvaged from a previous winch design. Scheduling also revealed to be a leading risk factor for this project and 
brings up questions such as – can the milestones set for this project be met or can the device be built in a 
timely manner? Conflicts may occur that will disrupt the design/build process of any project however, we as 
engineers, must know how to act quickly and efficiently to insure that each deadline is met accordingly. Along 
with this, every engineer needs enough motivation to guarantee that their designated project will be 
completed to the best of their ability. Motivation stems from an array of conditions and for this project, aside 
from being a requirement to graduate, comes from a personal benefit of using the device in a recreational 
manner upon completion.  
 
Conclusion 
In conclusion, the design of this project was initiated by the need for an easily transportable apparatus that 
would pull a 200lb wakeboard rider out of the water and replicate towboat speeds of 20-mph, while being 
stable enough to withstand slipping or tipping while under load. Throughout the design phase of this project, a 
roller chain drive was calculated to ensure that the device would meet the power and torque requirements, 
along this this tip/slip analysis was done to certify that a stabile structure was designed for the device. Finally, 
an overall system analysis was done to warrant proper operation of the device. Upon completion of the 
following analyses, the device has been formulated to supply adequate torque to overcome the initial static 
load of a 200lb wakeboard rider and the rider would reach a maximum tow speed of 20-mph at full throttle.  
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Appendix 
Appendix A 
FIGURE A-1 Roller chain drive  
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FIGURE A-2 Roller chain drive  
 
 
FIGURE A-3 Roller chain drive  
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TABLE A.1 Comparison Chart 
 
Roller Chain Analysis 
n1 N1 N2 n2 Torque Spool Dia. Vmax Notes 
3240 10 60 540 63.22 18.00 28.9 Reference 
3240 10 63 514 66.38 18.00 27.5   
3240 10 66 491 69.54 18.00 26.3 Ideal 
3240 10 67 484 70.59 18.00 25.9   
3240 10 69 470 72.70 18.00 25.1   
3240 12 66 589 57.95 18.00 31.5 V(Peak) 
3240 12 69 563 60.58 18.00 30.2   
3240 12 72 540 63.22 18.00 28.9   
3240 12 82 474 72.00 18.00 25.4   
3240 12 84 463 73.75 18.00 24.8 TQ(Peak) 
3240 13 79 533 64.03 18.00 28.5   
3240 13 81 520 65.65 18.00 27.8   
3240 13 82 514 66.46 18.00 27.5   
3240 13 83 507 67.27 18.00 27.2   
3240 13 84 501 68.08 18.00 26.8   
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FIGURE A-4  Tip/Slip Analysis 
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FIGURE A-5 System Analysis 
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FIGURE A-6  System Analysis 
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FIGURE A-7 Shaft Design 
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TABLE A.2 Equations Sheet 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
        
Equations Sheet 
 
        
    
Description Variable Equation Source 
Pitch 
Diameter 
D 𝑫𝟏 =
𝑷
𝒔𝒊𝒏 (𝟏𝟖𝟎 𝑵𝟏
⁄ )
 Ch.7 Mott's Handbook, Pg. 264 
Chain Length L 𝑳 = 𝟐𝑪 + 
𝑵𝟐 + 𝑵𝟏
𝟐
+
(𝑵𝟐 − 𝑵𝟏)
𝟐
𝟒𝝅𝟐𝑪
 
 
Ch.7 Mott's Handbook, Pg. 265 
Center 
Distance 
C 𝑪 =
𝟏
𝟒
(𝑳 −
𝑵𝟐 + 𝑵𝟏
𝟐
+ √(𝑳 −
𝑵𝟐 + 𝑵𝟏
𝟐
) 𝟐 −
𝟖(𝑵𝟐 − 𝑵𝟏)𝟐
𝟒𝝅𝟐
) Ch.7 Mott's Handbook, Pg. 265 
Angle of 
Wrap 
𝜽𝟏,𝟐 𝛉𝟏,𝟐 = 𝟏𝟖𝟎° ± 𝟐𝒔𝒊𝒏−𝟏 (
𝑫𝟐 − 𝑫𝟏
𝟐𝑪
) Ch.7 Mott's Handbook, Pg. 265 
Design Pwr - 𝐷𝑒𝑠𝑖𝑔𝑛 𝑃𝑤𝑟 = 𝑆. 𝐹(𝐻𝑜𝑟𝑠𝑒𝑝𝑜𝑤𝑒𝑟) Ch.7 Mott's Handbook, Pg. 264 
Sprocket 
RPM 
𝒏𝟐 𝒏𝟐 = 𝒏𝟏 (
𝑵𝟐
𝑵𝟏
⁄ ) Ch.7 Mott's Handbook, Pg. 264 
Torque  t 𝒕 = (𝟓𝟐𝟓𝟐 ∗ 𝑯𝒑 𝑹𝑷𝑴⁄ ) Ch.3 Mott's Handbook, Pg. 92 
Max Linear 
Velocity @ 
Spool 
 𝑽𝒎𝒂𝒙 𝑽𝒎𝒂𝒙 = (𝝎)(𝒓𝒔𝒑𝒐𝒐𝒍) 
 http://hyperphysics.phy-
astr.gsu.edu/hbase/rotq.html 
 Work  W 𝑾 = (𝑭)(𝜟𝒅)𝒄𝒐𝒔𝜽 
 
http://www.physicsclassroom.com/calcpad
/energy 
 Drag Force  𝑭𝒅 𝑭𝒅 =
𝟏
𝟐
𝝆𝑽𝟐𝑪𝒅𝑨 http://en.wikipedia.org/wiki/Drag_equation  
 Lift 
Coefficient 
 𝑪𝒍 𝑪𝒍 =
𝟐𝑾
𝝆𝑽𝟐𝑨
 
http://www.grc.nasa.gov/WWW/k-
12/airplane/liftco.html 
Drag 
Coefficient 
 𝑪𝒅 𝑪𝒅 = 𝑪𝒍𝒕𝒂𝒏(𝜶) 
http://www.grc.nasa.gov/WWW/k-
12/airplane/ldrat.html  
Time 𝜟𝑻 𝜟𝑻 = 𝑾 𝑷𝒘𝒓⁄  
http://www.physicsclassroom.com/calcpad
/energy 
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Appendix B – Drawings 
 
 
 
FIGURE B-1 Spool Hub 
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FIGURE B-2 Spool Wall Design 
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FIGURE B-3 Spool Assembly 
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FIGURE B-4 Frame Assembly 
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Appendix C – Parts List 
 
[Eric Christensen], [2108 N Regal Street], [Ellensburg, WA, 98926], [206.427.7704]    
PRODUCT PRICE LIST 
*Bulk pricing applies to quantities of 12 or more units   
      
Last Updated: 
11/30/2
014   
PRODUCT 
NO. 
NAME DESCRIPTION SOURCE 
BULK 
PRICE   
1001 Frame Material 1.5" 6061 Aluminum Square Tubing - 12ft. metalsdepot.com 55.00   
1002 
Vibration 
Isolators 
5/16-8 Rubber Engine Mounts, 55lb Max Grainger.com 10.00   
1003 Engine Predator 6.5HP w/ 0.75" shaft Provided 0.00   
1004 
Torque 
Converter 
TAV2 w/ 0.75" shaft & 10tooth sprocket Provided 0.00   
1005 Chain no.35 - 10ft. Length Koch 14.00   
1006 Sprocket 
66 tooth - no.35 chain and 8" Outside Diameter 
(OD) 
Amazon.com 29.00   
1007 
Pillow Bearing 
(x2) 
1" Pillow Block Bearing (UCP205-16) 
TheBigBearingStor
e.com 
14.00   
1009 Axle 1" X 36" Keyed Shaft 
TheBigBearingStor
e.com 
31.00   
1010 Hubs (x2) 2556 Uni-Hub - 1" bore, 5.25 bolt circle GoKartUSA.com 40.00   
1011 Tow Rope 600ft. Winch line, 1,500 lb Max Provided 0.00   
1012 Roller Fairlead KFI Products ATV Roller Fairlead Amazon.com 20.00   
1013 Galvanized Pipe 1/2" X 10ft. Home Depot 15.25   
1014 All Thread Rod 
1/2"-20 x 3 ft ASTM A307 Gr A Zinc Plated Low 
Carbon Steel Threaded Rod 
Fastenal 13.00   
1015 Spool Walls 3/8" aluminum  - 20" OD metalsdepot.com 200.00   
      Total: 441.25   
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Appendix D – Drawing Tree 
 
FIGURE – D.1  Wakeboard Winch Drawing Tree broken down by each sub-assembly 
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Appendix E – Budget 
 
Project Budget 
Wakeboard winch 
Eric Christensen 
  
Task Task Description 
Labor 
hours 
Labor 
Cost 
Equip/Mat. 
Cost 
Space 
Cost 
Travel 
Cost 
Misc. 
Cost 
Task Total 
Cost 
Parts Cost 
Frame 
Material 1.5" 6061 Aluminum Sq. Tubing 
0 $0.00 $55.00 $0.00 $0.00 $0.00 $55.00 
Vibration 
Isolators 
5/16-8 Rubber Engine Mounts, 55lb 
Max 
0 $0.00 $10.00 $0.00 $0.00 $0.00 $10.00 
Engine Predator 6.5hp motor 0 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
Torque 
Converter 
TAV2 w/ 0.75" shaft & 10tooth 
sprocket 
0 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
chain no.35 - 10ft. Length 0 $0.00 $14.00 $0.00 $0.00 $0.00 $14.00 
Sprocket 
66 tooth - no.35 chain and 8" Outside 
Diameter (OD) 
0 $0.00 $29.00 $0.00 $0.00 $0.00 $29.00 
Bearings 1" Pillow Block Bearing (UCP205-16) 0 $0.00 $14.00 $0.00 $0.00 $0.00 $14.00 
Axle 1" X 36" Keyed Shaft 0 $0.00 $31.00 $0.00 $0.00 $0.00 $31.00 
Hubs 2556 Uni-Hub - 1" bore, 5.25 bolt circle 0 $0.00 $40.00 $0.00 $0.00 $0.00 $40.00 
Winch Line 600ft. Winch line, 1,500 lb Max 0 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 
Roller Fairlead KFI Products ATV Roller Fairlead 0 $0.00 $20.00 $0.00 $0.00 $0.00 $20.00 
galvanized 
pipe 1/2" X 10ft. 
0 $0.00 $15.25 $0.00 $0.00 $0.00 $15.25 
all thread rod 
1/2"-20 x 3 ft ASTM A307 Gr A Zinc 
Plated Low Carbon Steel Threaded Rod 
0 $0.00 $13.00 $0.00 $0.00 $0.00 $13.00 
Spool walls 3/8" aluminum  - 20" OD 0 $0.00 $200.00 $0.00 $0.00 $0.00 $200.00 
Subtotal    0 $0.00 $441.25 $0.00 $0.00 $0.00 $441.25 
Outsourcing Cost 
Welding Frame Welding 2 $40.00 $0.00 $0.00 $0.00 $0.00 $80.00 
CNC CNC laser cut Spool Walls 2 $50.00 $0.00 $0.00 $0.00 $0.00 $100.00 
Subtotal    4 $90.00 $0.00 $0.00 $0.00 $0.00 $90.00 
Total 4  441.25 0 0 0 621.25 
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Appendix E – Schedule 
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Appendix F – Expertise & Resources 
 
Mentors: 
Dr. Craig Johnson 
Professor Charles Pringle 
Professor Roger Beardsley 
 
Books: 
Machine Elements in Mechanical Design: Fourth Edition 
Fundamentals of Thermal-Fluid Sciences: Fourth Edition 
Engineering Mechanics Dynamics: Thirteenth Edition 
Mark’s Standard Handbook for Mechanical Engineering: Eleventh Edition 
 
Organizations: 
Central Washington University 
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Appendix G – Evaluation Sheets 
 
Wakeboard Winch Speed Test 
Note: Deep Start w/ wakeboard 
Name:  
Date:  
Time:  
120-lb Rider 
Trial Time (Seconds) 
Distance 
(Feet) 
Calculated Speed (mph) 
1    
2    
3    
4    
5    
160-lb Rider 
Trial Time (Seconds) 
Distance 
(Feet) 
Calculated Speed (mph) 
1    
2    
3    
4    
5    
180-lb Rider 
Trial Time (Seconds) 
Distance 
(Feet) 
Calculated Speed (mph) 
1    
2    
3    
4    
5    
200-lb Rider 
Trial Time (Seconds) 
Distance 
(Feet) 
Calculated Speed (mph) 
1    
2    
3    
4    
5    
    
 
Table G-1   Deep start lake data  
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Wakeboard Winch Speed Test 
Note: Beach Start w/ wakeskate 
Name:  
Date:  
Time:  
160-lb Rider 
Trial Time (Seconds) 
Distance 
(Feet) 
Calculated Speed (mph) 
1    
2    
3    
4    
5    
180-lb Rider 
Trial Time (Seconds) 
Distance 
(Feet) 
Calculated Speed (mph) 
1    
2    
3    
4    
5    
200-lb Rider 
Trial Time (Seconds) 
Distance 
(Feet) 
Calculated Speed (mph) 
1    
2    
3    
4    
5    
 
Table G.2 – Shallow beach start data  
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Wakeboard Winch Acceleration Test 
Name: Eric Christensen 
Date: 5/16/2015 
Time: 12:00 - 3:00 PM 
120-lb rider 
Trial Time out of water 
Distance 
(feet) 
Acceleration 
1    
2    
3    
4    
5    
140-lb rider 
1    
2    
3    
4    
5    
160-lb rider 
1    
2    
3    
4    
5    
180-lb rider 
1    
2    
3    
4    
5    
200-lb rider 
1    
2    
3    
4    
5    
 
Table G-3  Acceleration data   
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Appendix H – Testing Report 
 
 
Wakeboard Winch Speed and 
Acceleration Test 
 
 
 
 
By: Eric Christensen 
 
 
 
 
 
 
 
 
MET 495 
 
Date: June 5, 2015 
 
38 
 
Introduction: 
 
For this lab we are measuring the speed and acceleration abilities of the wakeboard winch. The speed and 
acceleration has been calculated for a 200 pound rider, however the main objective is to see how the winch 
performs within a range of rider weights, 200 pounds being the maximum weight. These tests will be 
performed in two locations – Pipe Lake in Maple Valley, WA and People’s Pond in Ellensburg, WA. The lake 
test will determine the deep start capabilities of the winch over a long distance and the pond test will 
determine the shallow start capabilities of the winch over a short distance.  
 
Procedure: 
 
Both testing locations will use the same setup procedure. For deep start testing riders will use a 60” 
wakeboard and shallow start testing riders will use a 46” wake skate. The difference in boards is from rider 
selection in industry related to locations.  
 
1. Position GoPro’s in three locations, 
a. Behind the rider  
b. Viewing rider from end point 
c. On rider via chest mount 
2. Testing will include, 
a. Shallow beach starts at People’s Pond  
i. Riders will travel 200 feet parallel to the shoreline 
ii. 46” wake skate (see appendix for details) 
b. Deep water starts at Pipe Lake  
i. Riders will travel 400 feet through a body of water towards the shoreline. 
ii. 60” wakeboard (see appendix for details) 
3. Complete 5 trial runs per rider weights ranging from 120 to 200-lbs. 
4. Viewing the Camera footage, 
a. Record the time to pull a ride out of the water 
b. Record the time to travel 200/400 feet 
c. Triangulate data from alternate views corresponding to each trial run 
5. Plot the data in Excel and determine the acceleration and maximum tow speed for each weight tested. 
 
Deliverables 
Create a Weight vs. Speed graph 
Create a Weight vs. Acceleration graph 
Compare the design performance to recorded data for a 200-lb rider. 
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Data: 
 
The following data displays the values recorded from the trial runs from each rider weight for acceleration and 
speed.  
 
 
 
 
Wakeboard Winch Speed Test 
Note: Deep Start w/ wakeboard 
120 lb Rider 
Trial 
Time 
(Seconds)  
Distance 
(Feet) 
Calculated Speed 
(mph) 
1 11.5 400 23.7 
2 11 400 24.8 
3 11.5 400 23.7 
4 11 400 24.8 
5 12 400 22.7 
160 lb Rider 
Trial 
Time 
(Seconds)  
Distance 
(Feet) 
Calculated Speed 
(mph) 
1 12 400 22.7 
2 12.5 400 21.8 
3 12 400 22.7 
4 11.5 400 23.7 
5 12.5 400 21.8 
180 lb Rider 
Trial 
Time 
(Seconds)  
Distance 
(Feet) 
Calculated Speed 
(mph) 
1 13 400 21.0 
2 15 400 18.2 
3 13.5 400 20.2 
4 14 400 19.5 
5 14 400 19.5 
200 lb Rider 
Trial 
Time 
(Seconds)  
Distance 
(Feet) 
Calculated Speed 
(mph) 
1 14.5 400 18.8 
2 16 400 17.0 
3 16 400 17.0 
4 15 400 18.2 
5 15.5 400 17.6 
 
Wakeboard Winch Acceleration Test 
120 lb Rider 
Trial 
Time out of 
water 
Distance out of 
water 
Acceleration 
1 0.75 8 28.44 
2 0.8 8 25.00 
3 0.8 8 25.00 
4 0.85 8 22.15 
5 0.75 8 28.44 
140 lb Rider 
1 0.8 8 25.00 
2 0.95 8 17.73 
3 0.86 8 21.63 
4 0.92 8 18.90 
5 0.9 8 19.75 
160 lb Rider 
1 1.1 10 16.53 
2 1.2 10 13.89 
3 1.4 10 10.20 
4 1.25 10 12.80 
5 1.3 10 11.83 
180 lb Rider 
1 1.4 10 10.20 
2 1.4 10 10.20 
3 1.5 10 8.89 
4 1.5 10 8.89 
5 1.5 10 8.89 
200 lb Rider 
1 2.2 10 4.13 
2 1.8 10 6.17 
3 2.1 10 4.54 
4 2.1 10 4.54 
5 1.9 10 5.54 
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Wakeboard Winch Speed Test 
Note: Beach Start w/ wakeskate 
Name:  Eric Christensen 
Date: 5/9/2015 
Time: 3:00 - 6:30 PM 
140 lb Rider 
Trial 
Time 
(Seconds)  
Distance 
(Feet) 
Calculated Speed 
(mph) 
1 N/A N/A N/A 
2 N/A N/A N/A 
3 N/A N/A N/A 
4 N/A N/A N/A 
5 N/A N/A N/A 
160 lb Rider 
Trial 
Time 
(Seconds)  
Distance 
(Feet) 
Calculated Speed 
(mph) 
1 9 200 15.2 
2 9 200 15.2 
3 7.5 200 18.2 
4 8.5 200 16.0 
5 8 200 17.0 
180 lb Rider 
Trial 
Time 
(Seconds)  
Distance 
(Feet) 
Calculated Speed 
(mph) 
1 8 200 17.0 
2 9 200 15.2 
3 8.5 200 16.0 
4 9 200 15.2 
5 9.5 200 14.4 
200 lb Rider 
Trial 
Time 
(Seconds)  
Distance 
(Feet) 
Calculated Speed 
(mph) 
1 8 200 17.0 
2 9 200 15.2 
3 8.5 200 16.0 
4 9 200 15.2 
5 9.5 200 14.4 
 
Results: 
 
The graph below displays the relationship between rider weight and speed for shallow and deep start testing. 
From the graph it can be observed that there is an exponential trend between weight and speed with a 
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significant decrease in overall speed were weight was 180 pounds or greater. The requirement set for a 200-lb 
rider to achieve a 20 mph tow speed was not met but one might notice that the testing done with 400 feet of 
rope achieved a noticeably higher speed that the 200 foot testing. This is because as the rope is wound in 
around the spool, the spool diameter effectively grows, thus allowing the rider to reach high speeds. However, 
this tow speed was still a sufficient speed for the riders to have a successful trial run within being “dragged” 
through the water in a sluggish manner.  
 
 
 
The following graph displays the relationship between rider weight vs acceleration.  It can be observed that 
there is a decreasing linear trend as the rider weight increases.  The design requirements stated, a rider must 
achieve maximum tow speed within 10 feet and a rider must be pulled out of the water within 5 seconds. The 
first acceleration requirement was not met, however, the seconds requirement was indeed achieved. It was 
later concluded that the rider actually continues to accelerate at wide open throttle (WOT) due to an 
increasing diameter of the spool as the riding distance increases. 
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Discussion: 
 
The calculated speed for a 20-lb rider was 20 mph. This calculation was unable to account for the full amount 
of drag forces from the water and rider. Thus, the actual speed attained by a 200-lb rider was 17.7mph (deep 
start over 400 feet) and 15.9mph (shallow start over 200 feet). On the other hand, the acceleration 
requirement of a rider being pulled out of the water within 5 seconds was exceeded. Previously stated, the 
rider will continue to acceleration at WOT as with the longer distance traveled, this is because linear velocity is 
directly related to spool diameter. For example, a 33” tall tire will travel less distance than a 37” tall tire at the 
same velocity. Moreover, there was insufficient data for a 140-lb rider because the testing was unable to find 
a capable rider to for the shallow start testing with a wake skate.  
 
Conclusion: 
 
In conclusion, these tests proved that the wakeboard winch was capable of meeting the acceleration 
requirement set, however, due to lack of information while calculating drag forces the speed requirement was 
unable to be achieved. 
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Appendix: 
 
 
Wake Skate Specifications 
 
Wakeboard Specifications  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Length 
Surface 
Area 
Tip / 
Tail 
Width 
Center 
Width 
Rocker 
Height 
Weight 
Range 
  42"  594"   11"   15.4"   2.1"  
 90lbs 
and  up  
  44"  625"   11.1"   15.5"   2.1"  
 110lbs 
and  up  
  46"  652"  11.2"   1.56"   2.2"  
 120lbs 
and  up  
 Length Width Rocker Stance 
Range 
Rider 
Weight 
135 53.2" 
135.2 
cm 
16.8" 
42.7 cm 
2.3" 
5.9 cm 
21.0" - 25.0" 
53.3 - 63.5 
cm 
90 - 170 lbs 
40 - 77 kg 
139 54.8" 
139.2 
cm 
17.2" 
43.7cm 
2.5" 
6.2cm 
22.0" - 26.0" 
55.9 - 66.0 
cm 
130 - 210 lbs 
60 - 95 kg 
143 56.4" 
143.3 
cm 
17.5" 
44.4 cm 
2.6" 
6.6 cm 
23.0" - 27.0" 
58.4 - 68.6 
cm 
160 - 240+ 
lbs 
72 - 110+ kg 
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Appendix I – Testing Data 
 
 
 
Figure I.1   Rider Weight vs. Speed   
 
 
 
 
 
 
FIGURE I.2   Rider Weight vs. Acceleration 
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Appendix J – Resume 
 
Eric J. Christensen 
21035 SE 261st Street 
Maple Valley, WA, 98038 
206.427.7704 
ChristensE@cwu.edu 
 
Objective: To obtain a position as a Mechanical Engineer with Merit Mechanical utilizing my education and 
internship experience while gaining valuable work experience in a team oriented environment. 
 
 
Education: Central Washington University – Ellensburg, WA   September 2011 – June 2015 
 Bachelor of Science in Mechanical Engineering Technology 
  
 Green River Community College – Auburn, WA   September 2009 – June 2011 
 Associates of Arts  
 
 
Skills & Qualifications: 
 Skilled in AutoCAD, Solid Works, LabVIEW, MS Office, and Machining 
 Knowledge in Mechanical Engineering Sciences: Fluid Mechanics, Strength of Materials, 
Thermodynamics, and Heat Transfer 
 Quick learner and independent with strong communication and critical thinking skills 
 
 
Work Experience: 
  Bayley Construction – Mercer Island, WA    Summer 2014 
  Project Engineer Intern 
 Updated RFI, CCD, and ASI logs 
 Revised and updated As-Built drawings 
 Generated Operation & Maintenance Manuals 
 
Hometec/Seattle Crating – Seattle, WA    June 2012 – June 2014 
Lead Technician & Crating Specialist 
 Created specialized crates for high value items 
 Expert Assembly, disassembly, and installations 
 Contacted and scheduled appointments with customers 
 
Graebel Van Lines – Kent, WA     June 2009 – March 2011 
Mover & Warehouse Attendant 
 Vaulted customer belonging for warehouse storage 
 Relocated customers and businesses  
 
 
Professional Memberships: 
American Society of Heating, Refrigerating, and Air-Conditioning Engineers (ASHRAE), Current 
  American Society of Mechanical Engineers (ASME), 2011 – Current 
U.S. Green Building Council (USGBC), 2014 –  Current 
  Society of Manufacturing Engineers (SME), Current   
Institute of Electrical and Electronics Engineers, 2011 
(References available upon request) 
